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[57) ABSTRACT

A fuel injection device for an automotive spark ignition
internal combustion engine provided with a super-
charger is disclosed, wherein the amount of fuel in-
jected in synchrony with the crank angle signal 1s deter-
mined on the basis of the intake air pressure. The incre-
ment of the air pressure data over each fuel injection
period is compared with a first threshold level to deter-
mine the first augmentation. The pressure data is aver-
aged over each fuel injection period, and the increment
of the averaged pressure data over a predetermined
interval of time is compared with a second threshold
level to determine the second augmentation. The funda-
mental amount is calculated on the basis of either the
instantaneous or the averaged pressure data, in depen-
dency on the value of the first augmentation amount.
The total amount of fuel that is to be injected in syn-
chrony with every predetermined numberth pulse of
the crank angle signal is calculated in each injection
cycle as a sum of the fundemental amount and the first
and the second augmentation when the engine is judged
to be in the supercharged state; when, on the other
hand, the engine is judged to not to be in the super-
charged state, the total amount of fuel is calculated as
the sum of the fundamental amount and the first aug-
mentation alone. The supercharged state is detected
when both the intake air pressure and the number of
rpm of the engine are above respective predetermined
levels.

9 Claims, 8 Drawing Sheets
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FUEL INJECTION DEVICE FOR AN INTERNAL
COMBUSTION ENGINE

BACKGROUND OF THE INVENTION 5

This invention relates to fuel injection devices for
spark ignition type internal combsution engines, and
more particularly to control devices which detects the
transient states of the engine and controls, in accor-
dance with the detected transient state, the amount of 10
fuel to be injected info the air inlet passage to the cylin-
ders of internal combustion engines.

Conventionally, the supply of fuel to the spark igni-
tion type internal combustion engines of passenger auto-
mobiles has been effected by carburetors; recently,
however, fuel injectors are becoming increasingly com-
mon. These fuel injectors are capable of supplying a
precisely controlled amount of fuel to the internal com-
bustion engine so as to obtain an optimum air-fuel ratio.
However, the supply of fuel to the combustion rooms in
the cylinders of an engine may be delayed when the
amount of air intake varies during the transient state,
such as the slow accelerating transient state, of the
engine; this delay of the fuel supply may be caused, for
example, by: the delay in the detection of the amount of 22
air intake; the delay in the calculation of the fuel
amount; and the time lag resulting from the length of
time which the fuel injected into the air intake pipes
takes before it reaches the cumbustion rooms in the
cylinders of the engine.

Thus, the correction of the fuel amount during the
transient state of the engine is effected, for example, in
this manner: the intake air pressure, which corresponds
to the operating state of the engine, is detected, and the
variation or increment the air pressure over a length of 35
time is compared with a threshold level, to determine
whether the engine is in the transient state or not; upon
detection of the transient state of the engine, the amount
of fuel is adjusted in accordance therewith.

However, the detection signal of the intake air pres-
sure containns ripples, i.e., small fluctuations resulting
from the pulsations within the air inlet passage to the
cylinders of the engine; in particular, in the case of the
engines provided with a supercharger, such as a turbo-
charger, the ripples in the air pressure detection signal
become extremely consipicuous in the supercharged
region: FIG. 1 shows a typical variation curve of the
intake air pressure of an engine provided with a super-
charger, wherein the air pressure rises rapidly (with
small ripples) to the atmospheric pressure Pig, and,
thereafter, in the supercharged region, varies slowly,
with, however, manifest ripples of large amplitudes.

For the purpose of attenuating these ripples and re-
ducing the adverse effects thereof to the detection of
the transient state of the engine, the fuel injection con- 55
trol device generally comprises an analog filter circuit:
the detection signal of the intake air pressure is passed
through the filter circuit to attenuate the ripples con-
tained therein. However, the provision of an analog
filter circuit is not sufficient. Namely, if the attenuation 60
factor of the ripples through the analog filter circuit is
increased, the delay in the detection of the transience of
the egnine becomes manifest, with the result that the
supply of fuel to the engine is delayed, and, as a result,
the air-fuel ratio is deviated from its optimum level. On
the other hand, if the ripples contained in the air pres-
sure detection signal is not sufficiently attenuated by the
analog filter circuit, the fluctuations of the increment
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resulting from the ripples may cause erroneous detec-
tion of the transience of the engine.

SUMMARY OF THE INVENTION

The primary object of this invention is therefore to
provide a fuel injection device for an internal combus-

‘tion engine which is quick and accurate in its response

to the transient states of the engine, and in which the
air-fuel ratio can be maintained always at the optimum
level.

An additional object of this invention is to provide
such a fuel injection device which is not adversely af-
fected by the ripples contained in the intake air pressure
signal.

A. more specific object of this invention 1s to provide
a fuel injection device for an internal combustion engine
provided with a supercharger, whereby the detection of
the slow transient state of the engine in the super-
charged region can be effected accurately and reliably
in spite of the ripples of large amplitudes that appear in
the supercharged region.

The above objects of this invention are accomplished
in accordance with the principle of this invention in a
fuel injection device for an internal combustion engine
which comprises, among others, the following elements
or portions: (A) a pressure detector means for detecting
the air pressure within the air inlet passage to the en-
gine; (B) a portion for determining the first correction
amount corresponding to the first transient state of the
engine; (C) a portion for determining the second correc-
tion amount corresponding to the second (slow) tran-
sient state of the engine; (D) fundamental amount calcu-
lation means for calculating the fundamental amount of
fuel that is to be injected; and (E) total amount calcula-
tion means for calculating the total amount of fuel that
is to be injected.

The pressure detector means (A) may comprise an
intake air pressure sensor, an analog filter, and an A/D
converter. On the other hand, the portion (B) com-

prises: a first increment calculation means for calculat-

ing an increment of the pressure data outputted from
the pressure detector means (A) over a first interval of
time; a first comparator means for comparing with a
first threshold level the increment of the pressure data
over the first interval of time, so as to detect a first
transient state of the internal combustion engine; and a
first correction amount calculation means for calculat-
ing, in accordance with a detection of the first transient
state by the first comparator means, a first transient
correction amount corresponding to the increment of
the pressure data over the first interval of time. Further,
the portion (C), which is characteristic of this invention,
comprises an averaging means for averaging the pres-
sure data outputted from the pressure detector means
(A) over each passage of an interval of time; a second
increment calculation means for calculating an incre-
ment of the averaged pressure data outputted from the
averaging means, over a second interval of time which
is longer than the first interval of time; a second com-
parator means for comparing with a second threshold
level the increment of the averaged pressure data over
said second interval of time, so as to detect a second
transient state of the internal combustion engine; and a
second correction amount calculation means for calcu-
lating, in accordance with a detection of the second
transient state, a second transient correction amount
corresponding to the increment of the averaged pres-
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sure data over the second interval of time. The funda-
mental amount calculation means (D) calculates the
fundametnal amount on the basis of the pressure data
(either the instantaneous pressure data outputted from
the pressure detector means (A) or the averaged pres-
sure data outputted from the averaging means of por-
tion (C)). The total amount calculation means (E) calcu-
lates the total amount of fuel from the first and second
correction amounts and said fundamental amount.

Thus, according to this invention, the second tran-
sient comparator means of portion (C) detects the sec-
ond (slow) transient state by comparing with a second
threshold level the increment of the averaged pressure
data over the second (longer) interval of time; thus the
detection of the second transient state can be effected
reliably and accurately without being adversely af-
fected by the ripples which may be contained in the
pressure data. Further, the second correction amount
calculation means of the same portion (C) calculates the
second correction amount on the basis of the increment
of the averraged pressure data in accordance with the
detection of the second transient state, and the total
amount of fuel that is to be injected is calculated by the
total amount calculation means (E) on the basis of the
first and the second correction amounts, as well as of
the fundamental amount. Thus, the total amount can be
adjusted precisely to the transient state of the engine
even when the engine is in a slow accelerating state in
which the ripples of large amplitudes appear in the
intake air pressure signal.

Where the internal combustion engine comprises a
supercharge, it is preferred that the fuel injection device
further comprises supercharged state detector means
for detecting a supercharged state of the internal com-
bustion engine. Then, the total amount calculation
means (E) calculates the total amount as a sum of the
first and second transient correction amounts and the
fundamental amount when the supercharged state de-
tecctor means detects a supercharged state of the en-
gine, whereas, when a supercharged state i1s not de-
tected by the supercharged state detector means, it
calculates the total amount as a sum of the first transient
correction amount and the fundamental amount.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features which are believed to be charac-
teristic of this invention are set forth with particularity
in the appended claims. This invention itself, however,
both as to its organization and method of operation,
together with further objects and advantages thereof,
may best be understood from the following detailed
description of the preferred embodiments, taken in con-
junction with the accompanying drawings, in which:

FI1G. 11s a diagram showing a typical increase curve
of the intake air pressure of an internal combustion
engine provided with a supercharger;

FI1G. 2 is a diagramatic view of an internal combus-
tion engine provided with a supercharger and a fuel
injection device according to this invention;

FIG. 3 is a block diagram showing the organization
of the electronic control unit for controlling the opera-
tion of the engine of FIG. 2;

FIGS. 4(a), 4b) and 4c) are diagrams showing the
waveforms of the signals generated in the fuel injection
control device of FIGS. 2 and 3;

FIG. § is a block diagram showing the functional
organization of the control device for controlling the
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4

amount of injected fuel acccording to the principle of
this invention; *
FIGS. 6, 7, 8(a) and 8(b) are flowcharts showing an
example of the steps followed by the fuel injection con-
trol device according to this invention.
In the drawings, like reference numerals represent
like or corresponding portions.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the accompanying drawings, the
preferred embodiments of this innvention are described.

First, referring to FIG. 2 of the drawings, let us de-
scribe the overall organization of a spark ignition type
internal combustion engine provided with a fuel injec-
tor and an electronic control unit according to the pres-
ent invention. The following description is made of the
case where the engine 11 is a four-cycle three-cylinder
engine; however, it will be easy for those skilled in the
art to apply the principle of this invention to other types
of spark ingnition internal combustion engines.

When the engine 11 is driven, the air for the combus-
tion is taken into the cylinders of the engine 11 through
an air cleaner 12, a throttle valve 13, and a surge tank
14. A compressor 15A of a supercharger 15 is disposed
within the air intake pipe between the air cleaner 12 and
the throttle valvle 13; when a rapid acceleration of the
automobile is neccessary, such as when the automobile
IS in a racing contest, the intake air pressure is raised by
the operation of the compressor 15A of the super-
charger 15 so as to suply a larger amount of air-fuel
mixture to the engine 11. When the compressor 15A of
the supercharger 15 operates, the intake air pressure
increases rapidly to the atmospheric pressure Pig, but
thereafter with a slower rate of increase and with con-
spicuous ripples of large amplitude, as shown in FIG. 1.
During the idling period, on the other hand, the throttle
valve 13 is closed, and the air for combustion 1s intro-
duced into the cylinders of the engine 11 via the bypass
passage 16A bypassing the throttle valve 13, wherein
the opening of the bypass passage 16A is controlled by
a thermowax type fast idling valve 16B. The fuel (i.e.
gasoline) is supplied from the fuel tank 17 by means of

‘a fuel pump 18 and through a fuel pressure regulator 19

to fuel injectors 20 disposed in each air intake pipe
supplying the air-fuel mixture to the respective cylin-
ders of the engine 11; the injection of fuel from the
injectors 20 1s effected in synchrony with the ignition
timing as described below. -

Further, the ignition signals are supplied from an
ignition driving circuit 21, through an ignition coil 22
and a distributor 23 in this order, to ignition plugs (not
shown) disposed in each cylinder of the engine 11. The
exhaust gas produced by the combustion in the cylin-
ders of the engine 11 1s exhausted into the atmosphere
through the exhaust manifold 24, etc.; when the exhaust
gas 1s exhausted into the atmosphere, the supercharger
15 is operated to facilitate the exhaustion.

On the other hand, the sensor system of the engine 11
has the following organization: A crank angle sensor 25
mounted on the distributor 23 detects the numbers of
revolutions per minute (rpm) of the crank shaft of the
engine 11, and outputs a pulse-shaped crank angle signal
Sc whose frequency corresponds to the number of rpm;
for example, the crank angle sensor 25 outputs a crank
angle signal Sc whose pulses rise at 70 degrees BTDC
(before top dead center) and decay at TDC (top dead
center). Thus, the crank angle signal Sc has the wave-
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form as shown in FIG. 4 (a), whose period Tc between
the leading edges (shown at t; through t7 in the figure)
of two adjacent pulses varies inversely proportionally
to the number of rpm Ne of the engine 11. Further, a
temperature sensor 26 detects the temperature of the
coolant water of the engine 11; an opening degree sen-
sor 27 detects the opening degree of the throttle valve
27; a pressure sensor 28 disposed in the surge tank 14
detects the absolute pressure within the air inlet passage
to the engine 11 and outputs a corresponding pressure
signal Sp; an intake air temperature sensor 29 disposed
at the surge tank 14 detects the temperature of the in-
take air; an air/fuel ratio sensor 30 disposed in the ex-
haust manifold 24 detects the concentration of the oxy-
gen in the exhaust gas from which the air/fuel ratio is
determined; and an idling switch 31 outputs a signal
when the throttle valve 13 is closed during an idling
period. The signals thus outputted from the above sen-
sors 25 through 30 and the switch 31 are supplied to an
electronic control unit (ECU) 32; in response thereto,

the electronic control unit 32 determines the amount of

fuel to be injected from the injectors 20 according to the
principle of this invention, as described below, and
outputs an injector driving signal Sj to the fuel injectors
20 by which it controls, in accordance with the deter-
mined amount of fuel that is to be injected, the length of
time during which the valves of the injectors 20 are to
be opened. Further, the electronic control unit 32 con-
trols the operation of the ignition driving circuit 21 in a
manner well known to those skilled in the art.

Next, referring to FIG. 3 of the drawings, let us de-
scribe the interior organization of the electronic control
unit 32 from the view point of the physical implementa-
tion thereof. (The functional organization of the control
unit 32, especially that of the microcomputer 33, will be
described later in reference to FIG. §.) As shown in the
figure, the control unit 32 comprises a microcomputer
33, an analog filter circuit 34, an A/D converter 35, and
a driver circuit 36. The microcomputer 33, which ef-
fects various operations and judgements (described
hereinbelow in reference to the block diagram of FIG.

5 and the flowcharts of FIGS. 6 through 8) according to

this invention comprises: a CPU (central processing
unit) 33A for executing such operatons and judgements;
a ROM (read-only memory) 338 for storing the pro-
grams, etc., of such operations and judgements, exam-
ples of which programs are illustrated in FIGS. 6
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through 8; a RAM (random access memory) 33C func-

tioning as a working memory for storing data detected
by the sensors, etc.; and a timer 33D in which the length
of time during which the injectors 20 are driven to open
the valves thereof is set in each fuel injection cycle. The
input ports of the microcomputer 33 are coupled to the
outputs of the crank angle sensor 25, the idling switch
31, and the A/D converter 35, while the output ports
thereof are coupled to the driver circuit 36 and, for the
purpose of outputting reference signals, to the A/D
converter 35.

The analog filter circuit 34 having an input coupled
to the output of the pressure sensor 28 comprises a low
pass filter that reduces the ripples contained in the pres-
sure signal Sp outputted from the sensor 28.

The A/D converter 35 converts into corresponding
digital signals the analog signal outputted from the filter
circuit 34 and the analog detection signals outputted
from the coolant water temperature sensor 26, the
throttle opening degree sensor 27, the intake air temper-
ature sensor 29 and the air/fuel ratio sensor 30. The

50
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6

A/D converersion of the pressure signal Sp passing
through the analog filter circuit 34 is effected by the
A/D converter 35 at a predetermined fixed interval t4p
(e.g. 2.5 millisseconds), as represented by the A/D con-
version timing signal St shown in FIG. 4 (¢); a plurality
of these intervals t4pn are contained within each fuel
injection period 3T.

On the other hand, the driver circuit 36 outputs, in
response to the injection control signal outputted from
the microcomputer 33, a pulse-shaped injector driving
signal Sj. As shown in FIG. 4 (b), the injector driving
signal Sj consists of a pulse train whose pulse width PW
corresponds to the Jength of time during which the
injectors 20 are driven so that the valves of the injectors
20 are opened; since the engine 11 comprises three cyl-
inders, pulses of the signal Sj are generated in syn-
chrony with every third pulse of the crank angle signal
Sc. Thus, in response to the injector driving signal §j,
the injectors 20 inject controlled amounts of fuel, in the
intervals PW biginning at instants t, t4, and t7 respec-
tively in the figure, simultaneously for all the three
cylinders of the engine 11.

Let us now describe the general princple of this in-
vention in reference to FIG. 5, which shows schemati-
cally the organization of microcomputer 33, together

with those of the elements associated therewith, from
the functional point of view. As shown in the figure, the
device according to this invention comprises, in addi-
tion to the fundamental amouunt calculation means 60,
the averaging means 40, and other associated elements,
three main portions A through C: portion A for obtain-
ing the intake air pressure data, portion B for determin-
ing the first correction amount corresponding to the
first transient state of the engine, and portion C for
determining the second correction amount correspond-
ing to the second transient state of the engine; the total
amount of fuel that is injected by the fuel injectors 20
into the air inlet passage to the engine 11 is determined
by the total fuel amount calculaltion means 70 in accor-
dance with the outputs of the portions B and C and the
fundamental amount calculation means 60.

The portion A for obtaining the pressure data ccom-
prises the pressure sensor 28, the analog filter circuit 34,
and the A/D converter 35. The pressure signal Sp out-
putted from the pressure sensor 28 is outputted to the
filter circuit 34, which attenuates the ripples contained
in the pressure signal Sp. The A/D converter 35 con-
verts, at a predetermined fixed period t4p of the timing
signal St (see FIG. 4 (¢)), the output of the filter circuit
34 into a digital pressure data PBi corresponding to the
pressure signal Sp.

The portion B for determining the first correction
amount comprises a first transient state judgement
means 41 and a first correction amount calculation
means 42. The first transient state judgement means 41
calculates the variation or increment of the pressure
data PBi over a first interval of time, and compares this
increment of the pressure data PBi with a first threshold
level to detect the first transient state of the engine 11.
The first correction amount calculation means 42 calcu-
lates, when the first transient state judgement means 41
detects the first transitent state of the engine, the first
correction amount on the basis of the pressure data PBi
outputted from the A/D converter 35. More specifi-
cally and more precisely, the means 41 and 42 of portion

- B may operate as follows:
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The first transient state judgement means 41 calcu-
lates the increment APBi of the pressure data over each
fuel injection period 3T (see FIG. 4 (a) and (b)):

APRBi=PBin— PBio,

wherein PBin and PBio are the values of the pressure
data just before the current and the preceeding fuel

injection effected in synchrony with every third pulse
of the crank angle signal Sc. Further, the first transient
state judgement means 41 compares this increment

APBI of the pressure data with a first threshold level P;
to determine whether

APBiZ P

holds or not. In accordance with the result of this com-
parison by the first transient state judgement means 41,
the first correction amount calculation means 42 calcu-
lates the first correction amount Q41 corresponding to

10

15

the above increment APBI1; an example of the method of 20

calculation will be described below in reference to FIG.
8 (steps 307 through 309).

The averaging means 40 takes an average PB4 of the
pressure data PBi outputted from the A/D converter 35
over each predetermined interval of; for example, the
crank angle signal Sc outputted from the crank angle
sensor 25. A second transient state judgement means 51
of portion C calculates a variation or increment of the
averaged pressure data PB4 over a second predeter-
mined length of time which is longer than the first inter-
val of time, and compares this increment of the aver-
aged pressure data PB4 with a second threshold level,
sO as to determine the second transient state of the en-
gine 11. A second correction amount calculation means
52 of the portion C calculates the second correction
amount when the second transient state 1s detected by
the second trnasient state judgement menas 51. More
specifically and more precisely, the averaging means 40
and the means 51 and 52 of the portion B may operate
as follows:

The averaging means 40 takes an average PB4 of the
pressure data PBi over each fuel injection period 3T.
The second transient state judgment meaans 31 calcu-
lates an increment APB4 of the averaged pressure data
PB4 outputted from the averaging means 40 over each
second interval of time (which may be measured by
means of a timer), and compares this increment APB 4 of
the averaged pressure data PB4 with a second threshold
level P> so as to determine whether the inequality:

APB4=P>

holds or not. The second correction amount calculation
means 52 calculates the second correction amount QA
corresponding to the increment APB4 in accordance
with the result of this comparison effected by the sec-
ond transient state judgement means 51. More specific
method of operation of the portion B is described 1n
detal below in reference to FIG. 6 (steps 106 through
112, together with step 204 of FIG. 7).

The fundamental amount calculation means 60, on
the other hand, calculates, at every third pulse of the
crank angle signal Sc outputted from the crank angle
sensor 25, the fundamental amount of fuel Qg on the
basis, for example, of: (1) the averaged pressure data
PB, outputted from the averaging means 40 when the
first correction amount Q4 is equal to zero; and (2) the
current pressure data PBin outputted from the A/D
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converter 35, when the first correction amount Q,; is
greater than zero. The specific method of operation of
the fundamental amount calculation means 60 is de-
scribed hereinbelow in reference to FIG. 8 (steps 310
through 312).

The total fuel amount calculation means 70 calculates
the total amount of fuel that 1s to be injected at every
third pulse of the crank angle signal Sc on the basis of
the first and second correction amounts Q41 and Q42
and the fundamental amount Qp; when the engine 11 1s
provided with a supercharger 15, this determination of
the total amount of fuel may be effected in this way:
The nvmber Ne of rpm of the engine 11 and the current
value of the averaged pressure data PB4 is compared
with a predetermined number Nj and a threshold level
P13, respectively; when both are not less than the prede-
termined number and the threshold level, respectively,
it is decided that the engine 11 is in the supercharged
state, and hence the total amount Q is calculated as the
sum of the first and the second correction amount Q41
and Q42 and the fundamental amount Qg:

O=041Q242+05B.

On the other hand, when either the number Ne of rpm
or the current vallue of the averaged pressure data
PBA, or both, are less than their respective predeter-

mined number and the threshold level, it is decided that
the engine 11 is not in the supercharged state, and hence
the total amount of fuel Q is calculated as the sum of the

first correction amount Q41 and the fundamental
amount Qpg:

Q=041 +0B.

The above method of operation of the total amount
calculation means 70 i1s described heremmbelow more

~specifically in reference to FIG. 8 (steps 313 through

316) The total amount calculation means 70, however,
may determine the total amount simply as the sum of
the fundamental amount and the first and second cor-
rection amount, irrespective of whether the engine is in
the supercharged state or not; thus, the principle of this
invention is also applicable to the engines which are not
provided with a supercharger;

The fuel injector means 20 is driven for a length of
time PW corresponding to the total amount of fuel Q
determined by the total fuel amount calculation means
70. Thus, an amount of fuel corresponding to the total
amount Q is injected into the air inlet passage to the
engine 11 in synchrony with every third pulse of the
crank angle signal Sc. |

Referring now to FIGS. 6 through 8 of the drawings,
let us describe an example of the steps which are fol-
lowed by the fuel injection control device according to
the present invention, the principle of which is shown in
FIG. §, whereby reference is also made to FIGS. 2
through 4.

FIG. 6 shows the main routine followed by the CPU
33A of FIG. 3: the main routine is started when the
power source of the system 1is turned on. At step 101,
the data stored in the RAM 33C are cleared to effect the
initialization of the temporary data, etc. At the next step
102, the measurement value of the period Tc of the
crank angle signal Sc (refer to FIG. 4 (q)) is read out
from the RAM 33C to determine the number of rpm,
Ne, of the engine 11 by means of the operation:
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Ne=1/T; the number of rpm Ne thus obtained is stored

in RAM 33C. At step 103, the number of rpm Ne and’

the current value of the averaged pressure data, PB4n,
described hereinbelow, are read out from the RAM
33C, so as to determine the volumetric efficiency 7y
(Ne, PB4n) on the basis thereof. Namely, the values of
volumetric efficiency for attaining a predetermined
air-fuel ratio is stored in ROM 33B as a function (i.e.
map) of the number of rpm and the pressure data, which
function is determined beforehand by an experimental
method; thus, the value of the volumetric efficiency 1)y
(Ne, PB 4n) corresponding to the pair (Ne, PB4n) can be
read out from the ROM 33C by the mapping method.
The value of the volumetric efficiency thus determined
is stored in RAM 33C. After the step 103 for determin-
ing the volumetric efficiency, the program proceeds to
step 104 at which the following detection signals are
subjected to A/D conversion via the A/D converter
35, to be stored in RAM 33C: the coolant water temper-
ature signal outputted from the water temperature sen-
sor 26; the throttle opening degree signal outputted
from the opening degree sensor 27; the intake air tem-
perature signal from the air temperature sensor 29, and
the air/fuel ratio signal outputted from the air/fuel ratio
sensor 30. Further, at step 105, the detection data rele-
vant to the determinatin of the fundamental amount of
injected fuel, i.e. the coolant water temperature data,
the intake air temperature data, and the air/fuel ratio
data, are read out from the RAM 33C, to determine the
composite correction factor K 4, which is a combination

10
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of the correction factors for correcting the fundamental -

amount of fuel, such as: the warming up correction
factor corresponding to the coolant water temperature;
the intake air temperature correction factor correspod-
ning to the temperature of the intake air; and the feed-
back correction factor determined on the basis of the
air/fuel ratio feedback signal. After the step 105, the
program proceeds to steps 106 through 112 to deter-
mine, at a predetermined interval of time, the second
augmentation of fuel.

Thus, at step 106, judgement is made whether the
value T of of the timer has reached a predetermined
magnitude Tp; or not; namely, judgement is made
whether T=T; holds or not. If the judgement at step
106 is in the negative (i.e. T%T1). the program returns
to step 102; if, on the other hand, the judgement at step
106 is in the affirmative, the value of T is reset to zero
(0) at step 107, to proceed to step }08, at which the
current value of the averaged pressure data PB4n (de-
scribed below) is set as the first value PB4 of the aver-
aged pressure data. Further, at step 109, the increment
of the averaged pressure data over the predetermined
time length corresponding to the timer value T (re-
ferred to hereinafter as the predetermined time interval
T1), namely:

APB 4=PB 41— PB 43,

is compared wiith a second predetermined threshoid
level P, to determine whether |

APB4=Py

holds or not, wherein PB 4] is the first value of the aver-
aged pressure data (1.e. the current value thereof) which
is set at step 108, as described above, and PB4j 1s the
value of the averaged pressure data PB4 obtained at an
instant of time the predetermined time interval T be-

35

45
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fore the present instant, i.e., the second value of the
averaged pressure data set at step 112 described below.
When the judgement at step 109 is negative, the value
of the second augmentation (i.e. transient augmentative
correction for the slow acceleration state of the engine)
amount Q43 is set at zero (0) at step 110; on the other
hand, when the judgement at step 109 is affirmative, the
value of the second augmentation Q47 is calculated at
step 111 by, for example, multiplying the increment
APB/ of the pressure data over the predetermined time
interval Ty, by a predetermined constant c; thus:

Q42=Cc-APBy;

the value of the second augmentation Q 47 thus obtained
is stored in the RAM 33C. Further, at step 112, the
current first value PB4; of the pressure data is set and
stored in the RAM 33C as the updated value of the

second value PB4; of the averaged pressure data. After
the step 112, the program returns to step 102 to repeat
the above operations of the main routine.

FIG. 7 shows an interrupting routine occasioned by
the timing signal of the timer, primarily for taking a
accumulating sum of a number of successive pressure
data which is used in calculating the averaged pressure
data PBy4; at each end of the period t4q of the A/D
conversion timing signal St shown in FIG. 4 (¢), an
interrupt signal is generated to start this routine. At step
201, the output signal Sp of the pressure sensor 28 is,
after being passed through the analog filter circuit 34,
converted into a corresponding digital pressure data
PBin by the A/D converter 33. At step 202, the new or
current pressure data PBin is added to the accumulating
sum of the pressure data, SUM, stored in the RAM 33C
to obtain a new value of the accumulating sum of the
pressure data SUM; this new accumulating sum, SUM,
is stored in the RAM 33C together with the current
pressure data PBin, so as to update the values thereof
stored in the RAM 33C. At step 203, unity (1) 1s added
to the number, N, of the times of the additions which
has been effected at step 202, so as to obtain an updated
number N, which is then stored in the RAM 33C. Fur-
ther, at the final step 204 which concludes the mterrupt
routine of FIG. 7, unity (1) is added to the timer value
T to update the value thereof; the updated value of T is
stored in the RAM 33C.

FIG. 8 shows an interrupting routine occasioned by
the crank angle signal Sc; each time a pulse of the crank
angle signal Sc rises, a crank angle interrupt signal 1s
generated to start this interrupting routine.

At step 301, the measurement value of the period Tc
of the crank angle signal Sc is stored in the RAM 33C;
this period Tc may be determined by a timer consisting
of either a software or a hardware within the mi-
crocomputer 33. At step 302, unity (1) is added to the
number of occurences, M, of the pulses of the crank
angle signal Sc, to update the value of M. At step 303,
judgment is made whether the number of occurences M
of the pulses of the crank angle signal Sc is equal to
three or not; if it has not yet reached three, the current
value of M is stored in the RAM 33C to end the routine
of FIG. 7 at step 303. If, on the other hand, the judge-
ment at step 303 is affirmative (1.e. M=3), the value of
M stored in the RAM 33C is reset to zero (0) at the
subsequent step 304, to proceed to step 305. Thus, the
following steps 305 through 318 are performed at each
third pulse of the crank angle signal Sc to effect a fuel
injection in synchrony therewith.
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At step 305, the current average PB 4n of the pressure
data PBi1 within a fuel injection period (which is equal to
3T as shown in FIG. 4 (@) and (b)) is obtained by devid-
ing the accumulating sum of the pressure data SUM
(which has been updated and stored in the RAM 33C at 5
the immediately preceeding step 202) by the number of
additions N (which has been updated and stored at the
immediately preceeding step 203); namely:

PB mn=SUM/N. 10
At the next step 306, the values of the sum of the pres-
sure data SUM and the number of additions N stored in
the RAM 33C are cleared to zero (0). At step 307, the

increment of the pressure data over the preceeding fuel
injectin period 3T:

15

APBi= PBin— PBio,
1s compared with the first threshold level Py to deter- 20
mine whether the inequality:

APB1= Py

holds or not, wherein PBin is the current (instanta-
~neous) value of the pressure data which has been ob-

tained at the immediately preceeding step 201 (this cur-
rent value PBin is the value of the pressure data that is
obtained immediately before the current fuel injection
cycle, 1.e. immediately before the leading edge of the
pulse of the crank angle signal Sc that is synchronized
with the current injection of fuel), and PBio is the value
of the pressure data that was obtained immediately
before the preceeding fuel injection cycle, i.e. immedi-
ately before the leading edge of the pulse of the crank
angle signal Sc that was synchronized with the preceed-
ing fuel injection. If the judgement at step 307 is affirma-
tive, the program proceeds to step 308; if, on the other
hand, the judgment at step 307 1s negative, the program
proceeds to step 309. ) -

At step 308, the first transient augmentation Q41 of
the amount of mjected fuel 1s maximized; more specifi-
cally, a candidate value Q41 of the first augmentation is
calculated by mulitiplying the increment APBi by a
constant k:

23

30
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45

Q41 =k-APBi,

and this candidiate value Q41 is compared with the
previous value Q410 of the first augmentation which is
stored in the RAM 33C, so as to selected the larger one
of the two values Q41 and Q410 as the new maximized
value Q1 of the first augmentation; this new maximized
value of the first augmentation Q4 is stored in the
RAM 33C. Incidentally, if preferred, the above candi- 55
date value may be used as the new (maximized) value of
the first augmentation Q4; without comparing it with
the previous value of the first augmentation.

On the other hand, at step 309, the first augmentation
Q.41 1s decreased. Namely, the new decreased value of 60
Q.111s obtained by subtracting a predetermined constant

a from the previous value of the first augmentation,
Q.10, stored in the RAM 33C:

50

Cni=0410—; 65

when, however, the result of the above subtraction is
negative, the new decreased value of Q) is clipped to

12

zero. After the respective steps 308 and 309, the pro-
gram proceeds to step 310.

At step 310, judgement is made whether the updated
value of the first augmentation Q41 obtained at the pre-
ceeding step 308 or 309 is equal to zero or not, and the
updated value of the first augmentation Q4 is stored in
the RAM 33C immediately thereafter. If the judgement
at step 310 is in the affirmative (1.e., Q41=0), the pro-
gram proceeds to step 311, judging that the engine is not
in the first transient state; on the other hand, if the
judgement at step 310 is in the negative, the program
proceeds to step 312, judging that the engine is in the
first transient state. Thus, at step 311, the correction
factor K4, the volumetric efficiency 1, (Ne, PB4n), and
the averaged pressure data PB4n, calculated at steps
105, 103, and 305 respectively, are read out from the
RAM 33C; further the pressure-fuel conversion factor
Ko1is read out from the ROM 33B, so as to compute the
fundamental amount of the injected fuel Qp by means of
the equation:

Q=KX K4 XNANe, PB4n)X PBn.

Similarly, at step 312, the necessary values are read out
from the RAM 33C and ROM 33B to compute the
fundamental amount Qp on the basis of the current
value of the instantaneous pressure data PBin:

Qp=KoX K 4%Xn{Ne, PBin)X PBin.

After the step 311 or 312, the program proceeds to step
313.

At step 313, judgement is made whether the number
of rpm Ne obtained at step 102 1s compared with a
predetermined number of rpm N to determine whether

Ne=Nj

holds or not. When the judgemnt at step 313 1s atfirma-
tive, the program proceeds to step 314, at which the
current value PB4n of the averaged pressure data is

compared with a third threshold level P3 to determine
whether

PBn=P;

holds or not; when the judgement at step 314 is affirma-
tive, it is decided that the engine is in the supercharged
region (in which the amplitude of the ripples contained
in the pressure data becomes large, as shown in FIG. 1),
and the program proceeds to step 315. Thus, at step 3185,
the total amount of fuel Q that is to be injected in the
current fuel injection cycle is calculated as the sum of

the first and the second augmentation, Q4 and Q,>, and
the fundamental amount Qg:

Q=041+ Q4205

If, on the other hand, either the judgement at step 313 or
that at step 314 is in the negative, it is decided that the
engine is not in the supercharged state, and the program
proceeds to step 316. Thus, at step 316, the total amount
of fuel Q 1s calculated only as the sum of the first aug-
mentation Q.41 and the fundamental amont Qp:

Q=041+05.
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Further, at step 317, the length of ttme PW during

which the injectors 20 are driven is calculated. Namely,

the fuel to driving time conversion factor K;xyand dead

time T p are read out from the ROM 33B to compute the
driving time PW by means of the equation:

PW=0XKinj+TpD-

At step 318, the injector driving time PW is set in the
timer 33D, which is thus put into operation for the time
length PW; during the time PW in which the timer 33D
is operating, the pulse-shaped injector driving signal Sj
is applied to the injectors 20 via the driving circuit 36,
so that the amount of fuel correspodning to the total
amount Q is injected into the air inlet passage to the
engine 11. At the final step 319 which conculdes the
interrupt routine of FIG. 8, the current pressure data

10

15

PBin obtainend immediately before the current fuel

injection cycle is stored in the RAM 33C as the value of
PBio, which is to be used at step 307 in calculating the
increment of the pressure data at the next fuel injection
cycle.

Incidentally the steps 313, 314, and 316 may be omit-
ted, whereby the step 315 follows directly the step 311
or 312; in such case, the slow accelerating correction of
the fuel amount via the second augmentation Q42 can be
effected also in the case where the engine is not in the
supercharged region, and substantially the same advat-
age as in the above example of steps can be obtained.
Further, aithough the above description has been made
of the case where the engien comprises a supercharger,
the principle of this invention is applicable to the en-
gines without superchargers. |

In the embodiment described above, the suppression
of the ripples contained in the intake air pressure signal
is effected, near the maximum rpm of the engine for
example, both by the averaging of the pressure data
over each one of the fuel injection periods and by the
attenuation of the high frequency components by the
analog filter circuit 34. Thus, the adverse effects of the
ripples contained in the air pressure signal can be re-
moved substantially if the attenuation characteristics of
the analog filter circuit 34 and the period t4p of the
A/D conversion timing of the pressure signal are se-
lected in such a manner that the sufficient response
speed for the transient acceleration judgement is re-
tained while the erroneous detections of the transient
state due to the ripples are avoided.

By the way, it would be apparent to those skilled in
the art that the ignition pulse signal at the primary side
of the ignition coil 22 may be used as the crank angle
signal Sc in the above described fuel injection device; it
goes without saying that such modifications are com-
prised within the scope of this invention. Thus, while
description has been made of the particular embodi-
ments of this invention, it will be understood that many
modifications may be made without departing from the
spirit thereof; the appended claims are contemplated to
cover any such modifications as fall within the true
spirit and scope of this invention.

What is claimed is:

1. A fuel injection device for injecting a controlled
amount of fuel into an air inlet passage to a cylinder of
a spark ignition type internal combustion engine, said
fuel injection device comprising:

pressure detector means for detecting an air pressure

within the air inlet passage to the cylinder of the
internal combustion engine, said pressure detector
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means outputting a pressure data corresponding to
the detected pressure; |

first increment calculation means for calculating an
increment of the pressure data outputted from the
pressure detector means over a first interval of
time;

first comparator means, coupled to said first incre-
ment calculation means, for comparing with a first
threshold level said increment of the pressure data
over the first interval of time, so as to detect a first
transient state of the internal combustion engine;

first correction amount calculation means, coupled to
said first increment calculation means and first
comparator means, for calculating, in accordance
with a detection of the first transient state by the
first comparator means, a first transient correction
amount corresponding to said increment of the
pressure data over the first interval of time;

averaging means, coupled to said pressure detector
means, for averaging the pressure data outputted
from said pressure detector means over each pas-
sage of an interval of time;

second increment calculation means, coupled to said
averaging means, for calculating an increment of
the averaged pressure data outputted from said
averaging means, over a second interval of time
which is longer than said first interval of time;

second comparator means, coupled to said second
increment calculation means, for comparing with a
second threshold level the increment of the aver-
aged pressure data over said second interval of
time, so as to detect a second transient state of the
internal combustion engine;

second correction amount calculation means, cou-
pled to said second increment calculation means
and said second comparator means, for calculating,
in accordance with a detection of the second tran-
sient state, a second transient correction amount
corresponding to said increment of the averaged
pressure data over the second interval of time;

fundamental amount calculation means, coupled to
said pressure detector means, for calculating, on
the basis of the pressure data, a fundamental -
amount of fuel that is to be injected by the fuel
injection device;

total amount calculation means, coupled to said first
and second correction amount calculation means
and said fundamental amount calculation means,
for calculating a total amount of fuel from said first
and second correction amount and said fundamen-
tal amount; and |

fuel injector means, coupled to said total amount

" calculation means, for injecting into the air inlet
passage to the cylinder of the internal combustion
engine an amount of fuel equal to said total amount
of fuel calculated by said total amount calculation
means. |

2. A fuel injectin device as claimed in claim 1,

wherein: |

said internal combustion engine comprises a super-
charge;

said fuel injection device further comprises super-
charged state detector means for detecting a super-
charged state of the internal combustion engine;
and

said total amount calculation means is coupled to said
supercharged state detector means, and, when a
supercharged state is detected by the supercharged
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state detector means, calculates the total amount as
a'sum of the first and second transient correction
amount and the fundamental amount, whereas said
total amount calculation means calculates, when a
supercharged state is not detected by the super-
charged state detector means, the total amount as a
sum of the first transient correction amount and the
fundamental amount.

3. A fuel injection device as claimed in claim 2,
wherein said supercharged state detector means com-
prises:

rotational speed detector means for detecting a num-

ber of revolutions per minute of the internal com-
bustion engine;

rotational speed judgement means, coupled to said

rotational speed detector means, for comparing
with a predetermined number said number of revo-
lutions per minute of the internal combustion en-
gine; and

third comparator means, coupled to said averaging

means, for comparing with a third threshold level
the averaged pressure data currently outputted
from the averaging means;

wherein said supercharged state detector means de-

tects a supercharged state of the internal combus-
tion engine when both said number of revolutions
per minute and said current averaged pressure data
are not less than said predetermined number and
said third threshold level, respectively.

4. A fuel injection device as claimed in any one of
claims 1 through 3, wherein said fundamental amount
calculation means is further coupled to said averaging
means and said first correction amount calculation
means, and calculates the fundamental amount on the
basis of the averaged pressure data currently outputted
from said averaging means when said first transient
correction amount is equal to zero, whereas said funda-
mental amount caleulation means calculates the funda-
mental amount on the basis of pressure data currently
outputted from the pressure detector means, when said
first transient correction amount is greater than zero.

10

15

20

25

30

35

45

50

33

65

16

5. A fuel injection device as claimed in any one of
claims 1 through 3, further comprising;:

crank angle sensor means for detecting a predeter-

mined angle of a crank shaft of the internal com-
bustin engine, said crank angle sensor means out-
putting a crank angle signal which comprises
pulses each corresponding to the predetermined
angle of the crank shaft of the internal combustion
engine;

wherein said fuel injector means injects said total

amount of fuel in synchrony with every predeter-
mined numberth pulse of the crank angle signal.

6. A fuel injection device as claimed in any one of
claims 1 through 3, wherein said first increment calcula-
tion means calculates the increment of the pressure data
over each interval of time between two successive fuel
injections effected by said fuel injection device.

7. A fuel injection device as claimed in any one of
claims 1 through 3, wherein said averaging means takes
an average of the pressure data over each internal of
time between two succesive fuel injections effected by
said fuel injection device.

8. A fuel injection device as claimed in claim 1,
wherein: said first correction amount calculation means
maximizes the first transient correction amount when
the first comparator means detects the first transient
state of the internal combustion engine, and decreases
the first transient correction amount when the first com-
parator means does not detect the first transient state of

the internal combustion engine.

9. A fuel iInjection device as claimed in claim 1,
wherein: said second correction amount calculation
means calculates the second transient correction
amount by multiplying by a predetermined constant the
increment of the averaged pressure data over the sec-
ond interval of time, when said second comparator
means detects the second transient state of the internal
combustion engine; whereas said second correction
amount calculation means reduces the second transient

correction amount to zero, when said comparator
means does not detect the second transient state of the

internal combustion engine.
x x * x *
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